In the days before von Pirquet introduced the tuberculin test nothing was known about hypersensitiveness, allergy, or desensitization, all of which are related; and tuberculous infection, as compared with tuberculosis as a clinical disease, was unknown. With the application of the skin test in the clinic and its extensive use in the experimental animal, the nature of tuberculosis became more completely revealed and its protean character better understood. Explanation and understanding of many dinical puzzles in this disease came as a consequence of this work. This is especially true of that large group of clinical phenomena that operate upon the basis of allergy or hypersensitiveness.
In the allergic animal a quite different set of responses meet the introduction of bacilli. In this circumstance there is:
1. Rapid reaction at site of inoculation. 2. Local, acute, inflammatory response. 3. "Accelerated appearance and abortive progression of proliferation" locally.
4. Rapid, general intoxication of the animal.
Thus it was contended that infection with the tubercle bacillus produces allergy or "changed reaction" against subsequent infection with this organism. It was believed, furthermore, that the state of tuberculous allergy is bound up intimately with immunity to tuberculosis. A great body of work has accumulated on this issue. Generalizations have been laid down also in respect to allergy and immunity. Of allergy it can be stated that :* The close parallelism between these two phenomena-allergy and immunity-has led rather naturally to the postulation that immunity may be a function of allergy and much of the work in the field tends to support this contention. In fact, for a decade this thesis was accepted widely, but work by Rothschild and associates, Rich and McCordock, Cummings and Delahant, and several others brought this relationship into serious question and cast considerable doubt upon its correctness. These and other workers felt that, by desensitization, they could divorce allergy and immunity, and they daimed that animals with allergy could be desensitized while retaining their immunity to reinfection.
Desensitization is accomplished by repeated injections of tuber-* Krause has epitomized these views sharply in a brief review presented before the 17th meeting of the National Tuberculosis Association, 1920. culin. In the usual experiment, animals are infected with a strain of tubercle bacillus of low virulence and, when sensitiveness to tuberculin has developed, they are given daily, or very frequent, injections of tuberculin of increasing strength. Tuberculin slin tests given at intervals during the course of the treatment show gradual diminution in intensity of reaction and, finally, entire failure to react. The animals are then inoculated with virulent tubercle bacilli and the tuberculin injections are continued. For production and maintenance of complete desensitization, doses of not less than 1 cc. of undiluted tuberculin are usually required.
Desensitization is a relative matter. An animal may be highly or mildly allergic. The highly allergic animal requires exceedingly careful administration of tuberculin, when the latter is applied for purposes of desensitization, for this animal reacts violendy to the drug, often with lethal effect. To desensitize such an animal requires a long term of injections, whereas an animal with a low degree of allergy tolerates larger doses of tuberculin and sometimes loses its sensitiveness rather quickly.
Desensitization may be partial or total, and definition here is difficult because response to tuberculin or lack of response to it is the determining factor. The potency of tuberculin varies with the care taken in its manufacture, and dilutions must be freshly made if their calibration is to be depended upon. What may be called desensitization by one person may be, in the mind of another, only lessened capacity to react. It is agreed by all, however, that the tuberculous animal or person that fails to give skin reaction to undiluted old tuberculin is desensitized-or at least has lost his sensitiveness.
There are several variables which contribute to and modify desensitization, especially as it is studied in the experimental animal. The first of these is the size of the infecting dose of tuberde bacilli. An animal with overwhelming infection will respond differently from one with moderate disease. It is quite possible that injections of tuberculin, given for desensitizing purposes, may produce permanent, beneficial results in an animal with minimal disease (Birkhaug and others), whereas similar injections in an animal infected with a large dose of bacilli and thus having extensive disease might lead quickly to a lethal result.
A second variable rests in the completeness of the desensitization. To desensitize the average tuberculous guinea-pig, large daily doses are required. Rothschild and his associates found it necessary to inject 2 cc. of undiluted tuberculin daily to produce and maintain complete desensitization. Such doses are enormous if thought of in relation to body weight. Numerous investigators have used much smaller doses to produce marked loss of sensitiveness and, in some cases, they have claimed complete desensitization. It is likely that repeated small doses of tuberculin-that is, partial desensitization,-may benefit the animal and modify or lessen the extent of the disease. This ties in closely with the clinical treatment of tuberculosis with tuberculin.
Duration of the experiment contributes a variable. A short period of desensitization after re-infection is associated with little or no gross disease in the animal and thus supports the idea that allergy may be abolished and immunity may remain. In fact, during the first few weeks after re-infection, completely desensitized animals show very little tuberculosis, sometimes none. The ordinary picture of experimental tuberculosis is lacking. The lungs, spleen, liver, and other viscera may exhibit little or no visible infection and thus resemble closely the picture presented by the average allergic animal for weeks after re-infection. This would indicate successful separation of allergy and immunity in the infected animal and, indeed, it is upon observations like these that most of such claims rest.
That this is not the entire story, however, is borne out by observations made upon animals held in the desensitized state for considerable periods. If desensitization experiments are carried on for as long as four or five months, a picture is presented that is totally different from that in which the observations are terminated at eight or ten weeks. And the picture in each instance is constant. In longer term experiments, a large proportion of the desensitized animals develop pneumonia of a particular sort. As shown by Woodruff, the lungs are large, firm, and distended-the lesion being of bronchopneumonic arrangement. Microscopically certain alveoli and terminal bronchioles are filled with polymorphonuclear leukocytes and large mononuclear cells. Caseation necrosis and tissue destruction do not occur. Although this lesion is not characteristic of tuberculosis in guinea-pigs, it contains innumerable tubercle bacilli. Thus it stands in marked contrast to the disease picture in the lungs of control animals in which the organ presents but a slight sprinkling of tubercles and only occasionally a demonstrable tubercle bacillus.
DESENSITIZATION IN TUBERCULOSIS
Other viscera in the desensitized and control animal vary in respect to tuberculosis. After inoculation the control animal develops extensive disease in the spleen, with many discrete tubercles and, usually, several caseous areas; this organ in the desensitized animal is small and almost always totally free from visible tubercles. The liver of the former animal is dotted liberally with tubercles; that of the latter is small and without gross infection.
The desensitized animal, therefore, presents a new pathological picture-a new type of response to the tubercle bacillus. What is the cause of this phenomenon? Is it lack of allergy? Is it debilitation from oft-repeated injection of foreign matter? Is frequent handling responsible? All of these possibilities have been put forward by different workers as responsible for the complex. Answers to these questions are not forthcoming as yet. But it is clear that the desensitized animal has lost his allergy and has lost his immunity also, for, in the final analysis, re-infection is devastating to him.
The issue of desensitization presents many facets upon which several investigators are working. Final and confirmed data are too few for the laying down of distinct conclusions. It is intriguing and attractive. We may hope for further elucidation.
